Abstract-This article deals with identifying the materials and the methods that will be used in this course based on "Embedded System Programming (ESP)" course for Electrical-Electronics Engineering Graduate program of MU Faculty of Technology. When the varying levels of skill and knowledge of the students is considered, it becomes necessary to adopt a blended programming method for the contents of the course. Even though the course is regarded as 3+0 ECTS of 8 credits (Theory: 3, Applied: 0), a content supported with extensive application is recommended. The content of the course allows developing applications using Xilinx Spartan 3E Starter Kit. Students taking this course are able to choose a method best fitted to their programming skills or preferences. However, it might be possible that the lecturer may not have a wide range of programming knowledge and skills. In this case, the graduate students are expected to determine and complete their own needs or shortcomings with the accumulation of knowledge they gained in their undergraduate studies. With the lecturer's guidance, the students are free to choose whether to use graphical programming (LabVIEW, LabVIEW FPGA Module) or conventional text-based programming (Verilog, VHDL, Matlab HDL Coder) in their projects. In this way, we expect an improvement in understanding of the contents and an expansion in scope.
INTRODUCTION
Because of the fact that FPGAs have diverse and extensive fields of use, it became a necessity to offer this subject in universities [1] [2] [3] [4] . Today even though FPGA is chiefly a joint subject of Computer Engineering and Electrical-Electronics Engineering, it also finds a place for itself in Electronics-Communication Engineering, Biomedical Engineering and Mechatronics Engineering. While some domestic and international universities offer this content by updating conventional Logic Circuits or Digital Design courses, some provide a brand new course under the name of Advanced Digital Design, Embedded System Programming. These courses are mostly offered at senior year of undergraduate programs or at graduate level. Table I gives the names of the courses in some of the universities based on FPGA with different names but similar content in addition to the materials used.
With the aid of FPGA training sets and programming platforms developed by various firms [5] [6] [7] , students have a chance to perform practical applications. Because FPGA is such a current field, it became necessary for universities to offer courses on this subject and encourage students to use this software and relevant software components in their dissertations. This subject field is a must in engineering curriculums.
This article deals with identifying the materials and the methods that will be used in this course based on "Embedded System Programming" course for MU Electr. & Electronics Engineering Turkish Graduate program with thesis. The said graduate program accepts applications from students of various undergraduate programs. The distribution of students accepted to 2013-2014 ElectricalElectronics Engineering Turkish Graduate Program with thesis according to their Undergraduate Program are given in Table II. Literature research shows that text-based programming method is recommended more commonly [16] ; only one paper mentions the use of LabVIEW FPGA Module [17] . The reason is the earliest developed method in HDLs being text based. The first HDLs appeared in the late 1960s were looking like more traditional languages [18] . The first that had a lasting effect was described in 1971 in C. The first modern HDL, Verilog, was introduced in 1985. In 1987, a request from the U.S. Department of Defense led to the development of VHDL. On the other hand, the earliest For the ESP course, the students should have certain preliminary knowledge and skills. However, the situation in Table II indicates different levels of background knowledge and skills. When the four-years of education the MU EEM Undergraduate students received are considered, the courses complementing this content are given in Fig 1. Computer programming is a course offered in freshman year and helps students to learn the logic of programming. C based programming taught in the scope of the course is quite beneficial in learning the Verilog-HDL language. This is because Verilog-HDL is a much simpler Hardware Description Language (HDL) to learn than VHDL because of its similarity to C programming language [20, 21] . In sophomore year, students take the Digital Design and Microprocessors course. The design methods taught in digital design course provides a road map for this class. With microprocessors course, students get a chance to learn about I/O interfaces, timers/counters and their design. Measurement and Instrumentation course offered in junior year might seem less complementary at first glance; still it enables students to familiarize themselves for the first time with LabVIEW graphical development platform. In this way, Undergraduate students are able to gain knowledge and application skills at a preliminary level. On the other side, in Control courses, students mostly get a chance to work with Matlab/Simulink. With Advanced Digital Design course offered as elective in senior year, students gain the necessary basic knowledge and skills on HDLs. In this way, students graduated from above mentioned Undergraduate programs gain enough knowledge and skills for the graduate course of ESP. Nevertheless, students graduated from different programs of different universities will have different levels of awareness in C, LabVIEW and/or Matlab/Simulink. Besides, some of these courses listed as complementary are offered only as electives. This is why varying levels of programming knowledge and experience of the students should be considered while structuring the course at graduate level. embedded systems, we aim to introduce and teach the embedded system structure and its programming in addition to the necessary skills for problem focused embedded system designing with the help of applied projects and assignments.
In the 14 weeks of curriculum given in Table III , the contents of the first 8 weeks are taught by the lecturer. Later, the students will start to learn by practice with various applications. In the last 2 weeks, students will have an opportunity to share their project applications with their classmates in class presentations. In this way, students will be able to eliminate their shortcomings by exchanging information and improve themselves by learning different methods. 
The learning outcomes of Embedded System Programming course can be listed as follows:
Comprehends the basic facts about embedded system and FPGA. Effectively uses Embedded System Programming design tools and software. Designs advanced digital system and embedded system by using text based hardware description language or graphical programming.
Simulates the digital design and operates it on FPGA. Understands the methods for project design, development, testing and debugging.
The theory and the application of ESP course cannot be separated from each other. For this, a laboratory containing FPGA training sets, computer and a projector is necessary. Our university already has Xilinx ISE Design Suite and LabVIEW FPGA Module as software, and Digilent Xilinx Spartan 3E Starter Kit as hardware.
III. MODEL APPLICATION
The design and comparison of a simple 4 bytes down counter circuit in Verilog and LabVIEW environment are handled in this section. Fig. 2 : Clock Divider: It divides the Kit's clock by a userdefined constant to get a new system clock, Down counter: It starts from 1111 and counts down by 1, BCD Converter: Binary-to-BCD conversion to drive the LCD display control, LCD Display Control: The LCD is a practical way to display a variety of information using standard ASCII and custom characters. However, these displays are not fast. Scrolling the display at half-second intervals tests the practical limit for clarity. Compared with the 50 MHz clock available on the board, the display is slow. A PicoBlaze processor efficiently controls display timing plus the actual content of the display [22, 23]. Since Xilinx Spartan 3E Starter Kit has a 50 MHz Clock signal, counter circuit will work at every 20 ns. Because it is impossible to monitor the outputs in this case, "Clock Divider" should be set to give output at a slower pace. To be able to display the outputs of the counter circuit on LCD, BCD conversion should be performed.
A. Implementation by using Verilog

4-bit down counter example has 4 blocks as shown in
Binary to BCD Conversion block uses a well-known "Shift and Add-3 Algorithm" [24] . This algorithm can be used on a binary number with any number of bits. The most important point that you should notice is that the shift number must be equal to bit number. If the number in the "ONES" column is greater than four, then it must be added to three. 
B. Implementation by Using Graphical Programming
When the same design is implemented in LabVIEW environment as shown in Fig. 3 , it is possible to create a design without any knowledge of syntax, by wiring the objects (symbols) to each other through the use of data stream logic only. Table IV gives a detailed comparison of the same content developed by using text based Verilog-HDL to the content developed by using LabVIEW FPGA Module as the graphical based programming method. When the workloads are considered, the most obvious difference takes place in the LCD driving process. SPARTAN 3E XUP LabVIEW driver which was developed to enable educators to use LabVIEW FPGA to teach digital and embedded design concepts simplifies the process. However ASCII code conversion is a common task for both methods. Here, it is a rather relative comparison to refer one method as more simple or difficult than the other. It is best to make a selection based on the level of knowledge and skills the lecturer and the student possess as well as the requirements of the application to be developed. Forcing a single method may lead to failure of the students. Therefore, the opportunity to select is considered a facilitating and a success boosting factor.
IV. CONCLUSION AND DISCUSSION
This article deals with identifying the materials and the methods that will be used in the "Embedded System Programming" course taught at the Graduate level of MU Faculty of Technology EEE curriculum based on the varying levels of knowledge and skills of the students. We find it more appropriate to teach the class contents in two different ways using either conventional text based programming (Verilog) or Graphical programming (LabVIEW and FPGA Module). might be better to emphasize the use of LabVIEW FPGA Module not to lose time to teach Verilog syntax in order to be able to focus more on system design concepts [2] . Or alternatively, at the initial stage, getting start with the ISE Design Suite platform's Schematics option (Project>New Source>Schematics) is recommended to overcome some challenges of text-based programming. Then, remembering that testbench files which drive the simulations are also Verilog files, necessary code can be created automatically by using "Verilog Test Fixture" option for the Schematics type source files [25] . Thus, student success can be increased by using a combination of schematics and Verilog to specify a design.
Even though LabVIEW enables ease of use without necessitating any knowledge of HDL languages, it also has certain limitations. For example, some of the functions may not be available for FPGA HW. In addition, when the compilation reports are considered as shown in Table V *If BTN-EAST is pressed, then Q is equal to "0", else it starts from "1111" and counts down by 1. "Select" is used for if-then-else structure. For details see 
